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valve-preserving aortic root reconstruction. Most
patients requiring root reconstruction are young and
have a connective tissue abnormality, for example,
Marfan syndrome. They are at significant risk for com-
plications related to a lifetime of anticoagulation. The
source of the disease that results in dissection and rup-
ture resides in the wall of the aorta. Despite evidence
that the tissue within the valve cusps has abnormal fi-
brillin in patients with Marfan syndrome, the effect on
functional integrity appears to be minor. Elastin cross-
linking does not appear to play a prominent role in the
more fibrous valve cusp. Intermediate-term success
with valve-preserving root reconstruction has supported
this theory. 
The eddy currents occurring within the sinuses of
Valsalva in the natural aortic root are considered to be
The Bentall procedure, which uses a mechanical valveconduit, has been the primary reconstructive tech-
nique for annuloaortic ectasia.1,2 In contrast, Yacoub
and associates3 and David and Feindel4 have proposed
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important in the smooth, gradual, and gentle closure of
the valve.5 On this basis, a design of an ascending aor-
tic graft with “built in” sinuses was proposed in 1990.6
Our recent studies have established that the compliance
of the sinuses is perhaps even more important than the
geometry for reducing stress in the leaflets and enhanc-
ing valve longevity.7 In accordance with this, we have
now produced a novel Dacron prosthesis with compli-
ant sinuses of Valsalva for aortic root replacement
(Robicsek-Thubrikar graft).8 The purpose of this article
is to present the first clinical implantations of this pros-
thesis, which re-establishes the geometric relationships
of the aortic root.
Methods
Clinical summaries 
PATIENT 1. A 29-year-old Native American woman had
long-standing severe aortic regurgitation and a lupus-type
syndrome. The root diameters were 22 mm at the anulus, 34
to 36 mm at the sinuses of Valsalva, and 36 to 38 mm at the
sinotubular junction. The mechanism of regurgitation was a
dilated sinotubular junction causing severely splayed-out
commissures and lack of central coaptation of the cusps.
She also had severely thickened left and noncoronary aortic
cusps (8-10 mm) adjacent to the regurgitant jet. She was
referred for a valve-sparing procedure because of her young
age, reluctance to take warfarin sodium (Coumadin)
because of the long-term risk of anticoagulation, and desire
to have children.
PATIENT 2. A 47-year-old white man had familial Marfan
syndrome and long-standing moderate aortic regurgitation.
He also had polycystic kidney disease with a creatinine value
of 1.6 mg/dL. The root diameters were 27 mm at the anulus,
57 mm at the sinuses of Valsalva, and 55 mm at the sinotubu-
lar junction (Fig 1). The mechanism of aortic regurgitation
was similar to that in patient 1 (Fig 1, B). The aortic cusps had
some central thickening adjacent to the aortic regurgitation
jet. The cusps were otherwise normal.
PATIENT 3.  A 55-year-old white man had annuloaortic ecta-
sia of unknown etiology. Dilation of the aortic root was dis-
covered on a routine chest x-ray film. He had no significant
comorbidities. The root diameters were 26 mm at the anulus,
48 mm at the sinuses of Valsalva, and 46 mm at the sinotubu-
lar junction. He had significant anxiety related to the
aneurysm and wished to avoid anticoagulation because of an
active lifestyle.
PATIENT 4. A 73-year-old white woman had an acute type A
dissection of a 60-mm ascending aortic aneurysm involving the
aortic root. There was extensive intramural hematoma and dis-
section extending deeply into the right and left coronary sinus-
es. She had severe aortic regurgitation. She required aortic arch
replacement, oversewing of the right coronary artery ostial dis-
section, and a saphenous vein graft to the right coronary artery,
in addition to the valve-preserving procedure.
PATIENT 5. A 48-year-old African American man had nonfa-
milial Marfan syndrome with bilateral subluxation of the
lenses and severe scoliosis. He had severe aortic and mitral
regurgitation and congestive heart failure. The root diameters
were 25 mm at the anulus, 49 mm at the sinuses, and 45 mm
at the sinotubular junction. He required additional bileaflet
mitral valve repair and 3 coronary artery bypass grafts.
Prosthesis construction. A woven Dacron tube graft
(Hemashield; Meadox Medicals, Inc, Oakland, NJ [sub-
sidiary of Boston Scientific Corporation]) was chosen. A 24-
mm, 28-mm, 26-mm, 28-mm, and 28-mm tube was used for
patients 1 to 5, respectively. Three precisely measured square
pieces were cut to anticipate individual sinuses measuring
95% of the diameter of the reconstructed root in height and
two thirds of the diameter of the reconstructed root in width.
Each square sinus piece started out with each side the length
of the diameter of the tube. The Z folds in these pieces were
turned 90° compared with the folds of the tube graft to allow
for lateral sinus expansion and to obtain the teardrop shape.
A 4-0 polypropylene suture was used to create 2 purse-string
sutures designed to form the expandable sinus (Fig 2, A)
anticipating a 3-mm teardrop-shaped sinus bulge. The neo-
sinotubular junction and sinotubular ridge were created by
sewing the individually made sinuses to a scalloped end of
the Dacron tube graft with the use of a fluted template and 4-
0 polypropylene suture (Fig 2, B). 
Surgical technique. The technique was similar for all
patients. Cardiopulmonary bypass was established with
venous drainage via a double-staged venous cannula in the
right atrium and arterial return via the transverse aortic arch.
The exception to this technique was cannulation of the right
femoral artery in patient 4. The left ventricle was vented via
the right superior pulmonary vein and cold blood cardiople-
gia (antegrade and retrograde) was used for myocardial pro-
tection. 
The ascending aorta was clamped and transected 2 cm
proximal to the base of the innominate artery. Patient 4
required a period of hypothermic circulatory arrest for further
aortic resection and arch replacement. The dilated root was
opened and again transected 5 mm above the commissures.
The left and right main coronary ostia were isolated on a
Carrel patch. The sinuses were excised to 5 mm from the anu-
lus. The commissures were suspended on stay sutures and the
new sinotubular junction diameter was sized to allow central
coaptation. Additionally, in patient 1 the chronically inflamed
thickened tissue on the underside of the left and noncoronary
cusps was shaved off with a 15-blade knife. This significant-
ly increased cusp mobility. 
Size 4-0 polypropylene sutures were used to suspend the
commissures on the inside of the Dacron root prosthesis. The
crown-shaped annular suture line was then sewn in place with
a single-layer 4-0 polypropylene running suture. The contin-
uous suture line incorporated the outer edge of the aortic anu-
lus and the outer purse-string of each neo-sinus. This served
to provide flexible annular fixation. The left and right coro-
nary ostial buttons were reanastomosed to a 6- to 8-mm hole
made in their respective neo-sinuses with a running 5-0
polypropylene suture. The prosthesis was measured to length
and sewn to the distal ascending aorta with 4-0 polypropylene
suture (Fig 3). 
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Results
Intraoperative transesophageal echocardiographic
images obtained after the valve-preserving procedure
showed a normal appearing root with 10% radial
expansion of each sinus in systole. The valve cusps
coapted well above the anulus (Fig 4, A), and the space
between the cusps and neo-sinus wall in systole was
normal (Fig 4, B). Aortic regurgitation was mild. The
arterial traces showed a crisp dicrotic notch. No mur-
murs were heard on auscultation.
Fig 1.  A, Preoperative transthoracic echocardiogram of patient 2 showing a long-axis view of the aortic valve, aor-
tic root, and ascending aorta with the regurgitant jet. Note the aneurysmal dilatation at the sinus and sinotubular
junction levels. B, Preoperative transthoracic echocardiogram of patient 2 showing a transverse view of the aortic
cusps in diastole with poor central coaptation causing moderate aortic insufficiency.
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Comment
Reconstruction of the aortic root affected by annu-
loaortic ectasia dates back to the early 1960s. The
reconstructive techniques used were aortoplasty, tube
graft replacement, and aortic valvuloplasty.
Development of mechanical valves and synthetic tube
conduits allowed replacement of the valve along with
separate tubular graft replacement of the ascending
aorta. Various techniques culminated in the Bentall pro-
cedure, which was introduced by Bentall and DeBono9
in 1968. They described the use of a composite graft,
which incorporated the valve and a tubular conduit to
replace the entire aortic root. Early experience was
marred by significant complications of bleeding and
pseudoaneurysm formation at suture lines. These prob-
lems were addressed by modifications including the
introduction of albumin-impregnated vascular con-
duits, reattachments of the coronary ostia by a button
technique, and felt buttressing of tenuous suture lines. 
The safety and efficacy of the modified Bentall
reconstruction have been documented by several large
series. Gott and associates1 reported on 270 patients
undergoing root replacement between 1976 and 1993:
252 Bentall composite graft repairs and 18 homograft
root reconstructions. Of their patients, 187 had Marfan
syndrome and another 53 had nonspecific medial
degeneration. Thirty-day mortality was 4.8%. Actuarial
follow-up at 10 years was 73%. Endocarditis developed
Fig 2.  A, Three individual neo-sinuses, each with 2 purse-string sutures to allow for compliance as in the natural
root. Note the orientation of the Z folds. B, The sewing of the individual neo-sinuses to the neo-sinotubular junc-
tion. 
A
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Fig 2. Cont’d. C, The completed tailored prosthesis.
Fig 3.  Intraoperative photograph showing the natural contour of the right and noncoronary sinuses after implanta-
tion.
C
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in 14 (5%) of 256 hospital survivors. Kouchoukos and
colleagues2 in 1991 presented a 16-year experience of
168 patients undergoing 172 aortic root replacements.
Forty of these patients had Marfan syndrome. The hos-
pital mortality rate for the overall series was 5%. They
concluded that use of the composite graft technique as
a preferred method of treatment was valid. However,
freedom from thromboembolism was only 82% at 12
years. 
More recent advances have centered on valve-sparing
procedures. The theoretic advantage is the avoidance of
lifelong anticoagulation and the risks of thromboem-
bolism, hemorrhage, endocarditis, and restricted hemo-
dynamics. These procedures have a significant advan-
tage for the young patient. Yacoub and coworkers3
reported a series of 168 patients who underwent a
valve-sparing preservation technique, begun in 1979.
Sixty-eight of these patients had Marfan syndrome. The
technique involves replacement of the entire ascending
aorta, sinotubular ridge, and sinuses of Valsalva with a
Dacron tube graft cut into the mirror-image of the
crown shape of the aortic anulus. Coronary ostia are
reimplanted as buttons. The probabilities of reoperation
were 3%, 11%, and 11% at 1, 5, and 10 years, respec-
tively. At follow-up, there was no or trivial aortic regur-
gitation in 63.6%, mild to moderate in 33.3%, and
severe in 3%. Another valve-sparing procedure was
presented by David and Feindel4 in 1992. They
described a technique in which the aortic root is recon-
structed by resuspending the commissures and anulus
within a Dacron tube graft. They reported on 102
patients, of whom 28 had the stigmata of Marfan syn-
drome. There were 2 operative deaths, 1 early failure
necessitating composite replacement, and 1 failure at 2
years of follow-up. Five late deaths occurred. Six-year
actuarial survival was 87%. Importantly, no patients
had thromboembolic or endocarditic complications.
Only 3 patients had moderate aortic regurgitation at 3
to 108 months’ follow-up. 
These current techniques of valve-sparing aortic root
reconstruction have limitations. In the David proce-
dure, a Dacron tube graft is placed over the entire aor-
tic root structure. This technique maintains valve com-
petency by downsizing the sinotubular junction and
allowing the aortic cusps to centrally coapt. The mech-
anism of failure is thought to be the result of the cusp
abrading against the Dacron tube graft when the valve
is opened. In addition, there are no sinuses of Valsalva,
a fact that results in significantly abnormal stresses
exerted on the cusp during opening and closing.10,11
The Yacoub technique3 uses a tube graft trimmed prox-
imally to create 3 tongues that replace the expanded
sinuses. This technique allows more normal cusp
motion and lack of contact of the cusps with the
Dacron. However, true sinuses are not created and the
sinuses are not expanded significantly, which can result
in significant cusp stress on opening and closing.5,8,11
This stress will reduce long-term durability of the valve
cusps. An additional disadvantage of this technique
might be the tendency of the Dacron tongues to splay
Fig 4.  A, Intraoperative transesophageal echocardiographic image obtained after the valve-preserving procedure
in patient 2 showing a long-axis view of the coapted valve cusps and neoaortic root in diastole. Note the normal
level of coaptation above the annular level. B, Postoperative transthoracic echocardiogram of patient 2 showing a
long-axis view of the cusps in systole. Note the position of the cusps suspended well away from the wall of the
neo-sinuses. 
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out over time, resulting in progressive aortic insuffi-
ciency. As in Yacoub’s technique, in our technique, a
circumferential annuloplasty stitch, sinus-to-sinus
commissuroplasty sutures, or an annuloplasty band
from the left to the right coronary sinus could be incor-
porated in patients having connective tissue disorders
or a dilated anulus. In patient 5, three sinus-to-sinus
commissuroplasty sutures were used for this purpose.
Cochran and associates12 proposed a modification of
tube graft reimplantation and scalloped remodeling to
produce pseudosinuses. In their technique, the slightly
scalloped tube graft was sewn in a subannular position.
Resuspension of the commissures and slight graft pli-
cation caused by the annular suture line allow bulging
in the sinus region. This takes advantage of the compli-
ance of the Dacron tube. It does not create a tear-
shaped, natural sinus but does keep the Dacron away
from the leaflet. The technique also stabilizes the anu-
lus. This technique has been shown experimentally to
result in significantly less stress and strain on the cusps
compared with the Yacoub or David approaches.11
The aortic root is a complex 3-dimensional structure.
The commissural attachments of the valve to the anu-
lus represent the points of a 3-point crown from which
the free margins of the valve cusps are suspended sim-
ilar to the cables from the columns of a suspension
bridge. The sinotubular junction is made up of the 3
commissural structures and the encircling, slightly
thickened ridge of the aortic wall tissue at the junction
of the sinuses of Valsalva and the ascending aorta. As
the heart begins systole and pressure increases in the
aortic root, the sinotubular junction expands 12%. This
helps to retract the free leaflet edges. Vortices are cre-
ated within the sinuses of Valsalva and the cusps are
suspended between these vortices and the outflowing
blood within the aortic root. Thus, there is a net zero
force from either side on the valve leaflet, which results
in minimal stress on the tissue. 
Central coaptation of the cusps requires that the
diameter of the sinotubular junction nearly approxi-
mate the length of the free margin of each individual
cusp. The diameter at the aorta at the sinotubular junc-
tion is 10% to 15% smaller than the diameter at the
base of the anulus. The height of the leaflets is two
thirds the length of the free margin of the leaflets.
Competency of the valve depends on maintenance of
these geometric relations within the aortic root.8 There
is often some variation of individual sinuses and dis-
tances between commissures. Our sinus sizing tech-
nique does not take into account these discrepancies.
They can be adjusted for by suspension of the commis-
sures at slightly different heights and by taking in more
neo-sinus Dacron with the suture line in slightly small-
er native sinuses.
The novel aortic root prosthesis recreates the geo-
metric and functional aspects of natural aortic root and
valve leaflets. We anticipate that its use will increase
longevity of the spared valve cusps in these patients.
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